ABSTRACT: The present study focuses on interpretations of the temporal variations and variations between urban locations of sulfur dioxide (SO 2 ), nitrogen dioxide (NO 2 ) and black smoke (BS) during the period 2001-2008 in the Vojvodina Region of Serbia (VR_S). In this study we examined variations of pollutants concentrations during household heating and non-heating seasons and the effect of household heating, traffic, rainfall and wind speed on the air pollution levels of SO 2 , NO 2 and BS in eight locations. The analyses showed that the annual limit values of these pollutants as recommended by the Serbian regulations and recommendations were not exceeded, unlike the daily limits. Higher SO 2 concentrations during household heating season in four locations indicate the substantial impact of household heating on air quality. Positive effects of the use of environmentally cleaner fuels were observed in only two locations. The growing impact of traffic on air pollution is shown by the increasing trend of NO 2 during both seasons. Calm wind conditions and an absence of rainfall were found to have incremental effects on pollution levels in most locations.
INTRODUCTION
Air quality has become one of the predominant factors affecting quality of life. Atmospheric pollutants are responsible for a variety of respiratory illnesses and are known to increase morbidity and mortality [Brunekreef and Holgate 2002] . Worldwide, the World Health Organization (WHO) estimates that as many as 1.4 billion urban residents breathe in air pollutant concentrations that exceed the WHO guideline values [WHO, 2002] . Population growth in cities leads to an increase in pollutant levels as a result of increases in emissions from sources such as traffic. Based on their effects on health and the environment, several air pollutants have been identified as criteria pollutants by the U.S. Environmental Protection Agency (EPA): ground-level ozone, carbon monoxide, sulfur dioxide, nitrogen oxides, particulate matter and lead. Controlling atmospheric levels of these pollutants has the potential to provide substantial benefits to both human health and the environment.
According to the World Meteorological Organization (WMO) [2004] , the relationship between climate conditions, human activities and quality of life can be analyzed according to the effects of UV-B radiation, thermal environment and air pollution. Because air pollution influences UV-B level and thermal environment, all three factors have a synergetic effect on humans and the environment. Two well-documented papers elaborate on these issues in the Vojvodina Region of Serbia (VR_S) through (i) an analysis of indices related to thermal environment and UV-B radiation together with climate conditions and (ii) an analysis of UV-B radiation dose complexity using Kolmogorov complexity measures; the decrease in this complexity is strongly related to the increase in air pollution . However, these papers do not comment in detail on air pollution in this region. To complete the triangle of components that have a synergetic effect on humans and the environment, we investigated the air quality in the VR_S through an accurate determination of the levels, variations and sources of the main atmospheric pollutants. The present study focuses on interpretations of the temporal variations and variations between urban locations of three air pollutants -sulfur dioxide (SO 2 ), nitrogen dioxide (NO 2 ) and black smoke (BS) -in this region. The objectives are: (i) examination of the differences between pollutants concentrations during household heating and non-heating seasons and (ii) determination of influence of specific pollution sources (heating of households and traffic) and meteorological factors (rainfall and wind speed) on pollution levels.
MATERIALS AND METHODS

Description of the study area
The target area was the Vojvodina Region of Serbia (VR_S), located in the northern part of Serbia, in the southern Pannonian lowland (18°51′-21°33′E, 44°37′-46°11′N; 75-641 m above sea level). This area is mostly flat, with the exception of Fruška Gora Mountain to the south. Vojvodina has a continental climate with elements of a sub-humid and thermal climate [Katić et al., 1979] . The mean annual air temperature is 11 °C, and the mean annual precipitation is 602 mm [Mihailović et al., 2004] . Vojvodina is the most developed and the most urbanized (56.7%) region of the Republic of Serbia. This region is the principal area of food production in Serbia, with a total surface area of 21,506 km 2 ( Fig. 1 ) and a population of two million people. Up to the early 1990s, this area was industrially developed. However, after the events of the 1990s (civil war, military intervention, etc.), industry decreased, leading to major changes in the sources of urban air pollution. Current major urban air pollution sources in the VR_S are substantially increased car traffic and household heating based on coal and natural gas.
Data collection and analyses
To describe the air quality in the VR_S, we used SO 2 , NO 2 and NS data from the local urban networks for Novi Sad (NS), Subotica (SU), Sombor (SO), Kikinda (KI), Zrenjanin (ZR), Vršac (VR), Pančevo (PA) and Beočin (BC) for the period [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] . According to Serbian regulations and recommendations, the levels of SO 2 , NO 2 and BS were recorded daily as the concentration determined over a 24-h sample of the air. Although the EPA has recommended measuring particles in terms of PM 10 and PM 2.5 since 1978, in the analyzed period, Serbia used BS as a surrogate for PM concentrations and specifically for concentrations of fine particles. After reviewing the available data, Ostro [1994] concluded that BS is roughly equivalent to PM 10 . However, there is no precise equivalence for the black smoke measurements with other methods.
Arithmetical mean concentrations of air pollutants were calculated every day for all measuring locations to ensure representativeness for each town. Missing data in the time series at the observation stations were filled using the Catmull-Rom spline and bootstrap statistical methods [Catmull and Rom 1974; Efron and Tibshirani 1993] . The validity of the applied statistical methods was analyzed by comparing arithmetical mean, minimum, maximum, coefficient of quartile variation and standard deviation between the measured data and the completed time series. The results showed minimal statistical differences (up to 2.7%), confirming that the use of the applied statistical methods was appropriate.
RESULTS AND DISCUSSION
Concentration levels
The distributions of the annual mean pollution levels in the urban environments of the VR_S are presented in Figure 2 , and the distributions of SO 2 , NO 2 and BS concentrations in locations considered in this study are shown in Figure 3 . The calculated statistical quantifiers in this figure are the 1st and 3rd quartiles (bottom and top of the box), the median (the line inside the box), the 10th and 90th percentile limits (the whiskers), the mean (circle) and the maximum (cross). The dashed and solid lines represent the Serbian Air Quality Standard for the 24-hour and annual averages, respectively. ) only in PA and SO, whereas in other locations, the NO 2 concentration were below these values. The panels in Figure 3 show that all average annual concentrations of BS are below the limit values, whereas the daily limit values are exceeded in all locations. A comparison of the distributions of NO 2 and BS in the urban locations (Fig. 2 ) reveals a similarity in the patterns of these pollutants that suggests the same type and source of contamination. The maximum values of both NO 2 and BS occur in PA and SO. 
Seasonal variation
To examine the seasonal variation of pollutants and the seasonal importance of specific pollution sources, the eight-year study period was divided into household heating (H) and non-heating seasons (Nh), ranging between October 15 and April 15 and between April 16 and October 14, respectively. Student's t-test was used to determine the significant differences between pollutant levels for the H and Nh seasons in the VR_ S (Table 1) .
Variations of BS reach a maximum in the H period in all locations, directly influenced by emissions from household heating and greater atmospheric stability. Significant differences for NO 2 were observed in five locations. In NS, BC and KI, the differences were positive, which indicates the prevalence of natural gas heating in households in these locations. Negative differences in SO and VR indicate that traffic has a substantial impact on the NO 2 levels as well as the more frequent use of coal or heating oil for households heating. Positive significant differences for SO 2 were found in four locations (SU, SO, VR and PA), indicating the considerable influence of household heating on SO 2 levels and the frequent use of coal or heating oil for heating purposes instead of natural gas. The Mann-Kendall test was used together with Sen's slope estimator for the determination of significant trends and slope magnitudes [Sen 1968; Helsel and Frans 2006] . The Mann-Kendall test was used as suggested by the WMO [1988] to assess trends in environmental data time series. The Mann-Kendall test does not require an assumption of normality and only indicates the direction but not the magnitude of significant trends [McBean and Motiee 2008] . The magnitudes of the trends were assessed by Sen's slope estimator.
In Table 2 , Sen's slope estimator shows the magnitude of the daily concentrations trends of SO 2 , NO 2 and BS for the H and Nh seasons. The results of the trend analyses show a significant increasing trend in NO 2 levels in five locations (SU, SO, BC, PA, ZR). An increasing trend in both seasons reflects the increased use of vehicles in these urban areas. The three-fold faster increase in NO 2 concentration and the three-fold faster decrease in SO 2 concentration in the H season compared with the Nh season in PA signify a shift from household heating with heating oil and coal to heating with natural gas. Similar but less pronounced NO 2 and SO 2 trends are observed in SU. A negative SO 2 trend and a positive NO 2 trend in the Nh season in PA and SU indicate the growing importance of traffic-related air pollution in these locations. The biggest increase in SO 2 trends in both seasons as well as a significant increase in NO 2 and BS trends were observed in ZR location. The biggest increase in BS trends for both seasons were observed in SU, which may be interpreted as an enhanced concentration of diesel vehicles due to the proximity of two traffic border crossings. 
Correlations between pollutants and selected meteorological variables
The significant Spearman correlation coefficients for the pair-wise comparisons between SO 2 , NO 2 and BS are displayed in Tab. 3. The correlations between pollutants were weak to moderate (ranging from 0.180-0.665). The significant impact of traffic-related and household heating emissions on the particulate matter concentrations is indicated by the positive correlation coefficients between BS and gaseous pollutants observed in most locations. The negative correlation between BS and NO 2 and the positive correlation between BS and SO 2 in VR indicate coal and heating oil used for households heating as the main sources of particles. The negative correlation between SO 2 and NO 2 together with the positive correlation between SO 2 and BS in SU indicate coal and heating oil used for household heating as the most common sources of SO 2 and BS. To determine the influence of meteorological factors on the levels of air pollution, the SO 2 , NO 2 and BS concentrations in NS, SU, SO, KI, VS and ZR were compared with the rainfall and wind speed data. We examined the percentage differences of the average pollutant concentrations under calm (v c ) and windy (v w ) conditions as well as dry (P d ) and rainy days (P r ). The results are given in Tab. 4. Calm wind conditions were defined as the state in which the wind speed was below 1 m s -1 . An inspection of Table 4 suggests that the differences in NO 2 and BS concentrations are higher (i) during stagnant or weak flow regimes (0.5-17.2% and 3.8-33.5%, respectively) and (ii) during dry days (1.7-31.4% and 0.6-76.5%, respectively). Differences in SO 2 follow this pattern in the majority of locations, except in NS. Considerably higher concentrations of SO 2 in NS during windy days compared to days without wind (17.2%) indicate an unfavorable location of the source of this pollutant in relation to the direction of the wind. 
CONCLUSIONS
In the present study, we analyzed temporal variations and variations between urban locations of sulfur dioxide (SO 2 ), nitrogen dioxide (NO 2 ) and black smoke (BS) in the Vojvodina Region of Serbia (VR_S) for the period 2001-2008. Specifically, we examined variations of pollutants concentrations during household heating and non-heating seasons and the effect of household heating, traffic, rainfall and wind speed on the air pollution levels of SO 2 , NO 2 and BS in eight locations. The analyses show that the annual limit values for all three pollutants were not exceeded, whereas the daily limit values were exceeded in all locations for BS and SO 2 , and in four locations for NO 2 . Although fossil fuels have been gradually replaced with cleaner natural gas for the purposes of households heating, the higher SO 2 concentrations during the households heating season in several locations (SU, SO, VR and PA) show a significant impact of this pollutant on air quality. The positive effects of the use of environmentally cleaner fuels are visible in PA and SU, where a decrease in the concentration of SO 2 was observed during the households heating season. The increasing trend of NO 2 in both seasons indicates the growing impact of traffic on air pollution in the VR_S. The examination of the relationship between pollutant concentrations and meteorological elements shows incremental effects of calm and dry conditions on pollutant concentrations in most locations.
The results strongly suggest that pollution levels in urban locations in Vojvodina should be continuously monitored over a wide network of sites to observe the effects of applied environmental measures and to provide recommendations for their improvement.
